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MOVPE for InP-based 
optoelectroni¢ device 
application 
by I. Gyuro, Alcatel Telecorn, Research Division 
The rapid development of fibre optical communications requires highly sophisticated devices for 
the 1.3 l~m and 1.5 I~m wavelength regions. The basis for the development of devices like 
lasers, detectors, modulators, wavelength converters and optical switches as single devices or in 
integrated form is the availability of high quality epitaxial layers. The requirements are the 
exact and reproducible control of the composition (lattice matched or strained layers), the 
lateral and vertical homogeneity of composition, doping level and layer thickness as well 
as the atomically sharp heterointerface, the very low (crystalline and surface) defect 
density and thermal stability of a layer structure. The epilayers should have a low 
background doping level, i.e. a minimum concentration of unintentional dopants. 
M OVPE (Metalorganic Vapour 
Phase Epitaxy) is one of the 
most attractive epitaxial 
processes for the development and 
production of epitaxial layer struc- 
tures for optoelectronic devices. The 
advantages of this technology are 
high throughput and flexibility: it 
allows reproducible growth of thick 
(7-10 lam) and very thin (3 nm) 
layers and a wide range of strained 
materials. In addition to other stan- 
dard growth of layers on planar 
substrates growth techniques open 
new perspectives for the develop- 
ment of new optoelectronic devices. 
These growth techniques include: 
growth on structured surfaces and 
selective growth techniques for lat- 
erally localized growth on the surface 
or for bandgap engineering. 
In this article a short overview will 
be given of the general status and 
disposition of low pressure (LP)- 
MOVPE technologies for InP-based 
optoelectronic applications. 
MOVPE precursors 
The use of trimethylindium (TMIn), 
trimethylgallium (TMGa) and tri- 
Figure 1. Single wafer Low Pressure MOVPE equipment. 
methylaluminium (TMAI) as Group 
III sources has been established for 
MOVPE processes. From a long term 
stability point of view TMIn is the 
most critical material. Contamination, 
non optimal production, transport or 
bubbler handling circumstances can 
lead to a fusion of the fine particles of 
this solid material. With close control 
of the above factors the problem can 
be minimized and a reproducible 
growth process can be established 
without additional measures (e.g. 
measurement of the TMIn concentra- 
~i?g:<ili{i~ %i!i!iif<ii{i:ii{Ti~iiii 
0961-1290/96/$15.00 :{<~1996 Elsevier Science Ltd. Page 30 11~771~7~|i!!~ii{~ ] 7  7~i ii::~ ::{  ::::~i: ':  Vol 9 No 2 
I i ii! i!i!i il il il i~i il i i i!ii !!!! il!i ! iil i!~iiiiiiiiiii i !!!! iii i i i!i!i ! i i~ H~ !i ! i~iiiii i i i}ii! !!i i i iii i] 
AuZn/Ti/Pt/Au 
~' SiO 2 AR : :~:~~~ 
InP Cd diff i 2 .0#m 
'. / 
'~ ~ .Z , , °° , . , °  . . . . . .  
:i:i:!:!qn' GL4 i:i:i:!:!:i:i:i:iiiiii!iiiiii!i!iiiii!iiiii!iiiiiiiiiii!iiiiii!!i!ii!!!!!i!i!iiiii!..£.6 g.!ii!:!:i:i 
InP l.O.,~m r 
iz 
/ 
Au Sn / Ti/Pt/Au 
software in recent years. It is simpler 
and more user-friendly with graphic 
interface and supply data on equip- 
ment status (material consumption, 
data for SPC (Statistical Process Con- 
trol; mean-, maximum- and mini- 
mum-value and standard eviation of 
the different flows, pressures and 
growth temperatures)). 
For long-term success of an MOVPE 
process incoming inspection of sub- 
strates and materials as well as 
standard maintenance and growth 
procedures are necessary, in addition 
to high quality and know-how. 
Figure 2. Schematic view of a planar PIN 
detector structure. 
tion in the gas phase). 
Some other Group III source mate- 
rials can replace the above-men- 
t ioned standard precursors. The 
recent results demonstrate that it is 
advantageous to use less stable 
sources (e.g. TEGa, Dimethylethyla- 
minealane) if N2 used as carrier gas 
(1) or TBA and TBP are used instead 
of AsH 3 and PH~ (2). 
The use of AsH¢ and PH 3 as Group 
V sources requires application of a 
sophisticated safety- and scrubbing 
system due to the high toxicity of 
these materials. Of the possible alter- 
native materials, TBA (tertiarybutylar- 
s ine)  and TBP te r t ia rybuty l -  
phosphine) have now reached ma- 
turity for industrial application. The 
laser (3) and detector (4) device 
results showed that by using TBA 
and TBP, an improvement of the 
device bchaviour can be achieved 
besides the reduction of toxic ha- 
zards. In Japan there is a broad 
acceptance of these materials. Com- 
panies like Fujitsu and NEC have 
already started product ion using 
these alternative sources (5). 
LP-MOVPE equipment 
The typical reactor system unit con- 
sists of four main parts: the reactor 
unit with pumping system, the gas 
mixing system, the electronic/rack 
and the loading system AIXTRON 
AIX 200, AIX 200/4 in our case, see 
Figure 1). 
The reactor consists of a rectangu- 
lar inner liner and a round outer 
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Figure 3.Cross section of a planar back side illuminated SAGM-APD device. 
quartz tube. The single wafer gra- 
phite susceptor with Gas Foil Rota- 
tion ~= is heated by means of a 
parabolic mirror furnace. The reactor 
pressure varies from 20 to 200 mbar 
and the growth temperature from 
600 to 700°C. 
The gas mixing system includes a 
fast switching vent/run manifold. 
Depending on the application 5-10 
metalorganic and 3-5 hydride lines 
are installed. Thus at least two 
different quaternary compositions 
can be grown in succession without 
growth interruptions. The metalor- 
ganic bubblers are placed in the 
equipment close to the gas mixing 
system while ASH3, PH 3 and the 
doping gases are stored outside the 
equipment in a separate gas cabinet. 
The loading systems in our case are 
either glove boxes (especially impor- 
tant for Al containing materials) or 
laminar flow units. 
The main requirements for the 
electronic ontrol rack is the stability 
(30 to 50 mass flow-, pressure- and 
temperature-controllers have to be 
controlled, the equipment is "on" for 
24 hours for many years). There has 
been major improvements within the 
Material  systems 
For the InP-based optoelectronic 
devices the materials InP, InGaAs, 
InGaAsP, InAlAs and InGaA1As are 
used. Low background oping levels 
and high mobilities (6) (n300 = lxl014 
cm -3 I,t~oo=5500 cm2/Vs for InP; 
n 3 o O 5 x 1 0 1 4 c m - 3 
P-3oo 11500 cm2/Vs for InGaAsi 
were achieved. 
The growth of sharp heterointer- 
faces between materials with differ- 
ent As and P concentration can be 
disturbed by the exchange of As and 
P atoms. This effect was efficiently 
reduced by a proper gas switching 
sequence (7) or in the case of 
InGaAsP materials by the use of 
constant As/P ratios in the different 
materials (8). 
The M-containing materials like 
InAlAs were investigated for HEMT 
applications. Today there is an in- 
creasing interest in these materials 
for laser and modulator applications 
(9). The main problem for M contain- 
ing materials is the reduction of the 
oxygen concentration. Using an inert 
gas glove box system, qualified 
sources and optimized growth para- 
Page 31 I ~  ]"~'='=:; '~ i~i~ Vol 9 No 2 
pin-diode HEMT 





Figure 4. Schematic cross section of a PIN-HEMTreceiver OEIC monolithically integrated on InP. 
Bulk layers on planar 
surface 
Detector devices (PIN, APD) with 
total layer thicknesses of 4-7~tm 
represent a typical application for 
thick layers grown on planar sub- 
strate surface. Planar PIN detectors 
are widely used in optical commu- 
nication systems due to their simple 
structure and processing as well as 
the high reliability and low cost. A 
typical  p lanar  PIN s t ruc ture  is 
showed in Fig 2. It consists of 1- 
1.5 ~m n-doped buffer layer followed 
by a 2-3 ~m undoped InGaAs absorp- 
tion layer and a 1-1.5 ~m n-doped 
meters (growth temperature, V/III 
ratio) an oxygen background con- 
centration down to 1-2xlO 17 cm -3 
(SIMS) for InAIAs can be achieved 
(10). Further it was found, that 
contrary to AIGaAs where oxygen 
has a deep level in InAIAs the oxygen 
shows a donor like behaviour leading 
to background carrier concentration 
typically > 3xlO 15 cm -3 (11). 
Doping  
Using the n type dopants Si and S a 
wide range of doping concentration 
(5xlO 15 to 3xlO TM cm -3) can be 
reproducibly adjusted. Zn, the most 
common p-type dopant is used typi- 
cally in the range from lx1017to  
2xlO TM cm -3. The main negative 
effects of this dopant are the high 
diffusion coefficient and the appear- 
ance of a "kick-out" mechanism 
resulting in anomalous diffusion. 
Therefore  for the real ization of 
highly p-doped sharp interfaces a 
careful process optimization is ne- 
cessary. 
The investigation of new p-dopants 
will continue to be an active (like 
carbon for InGaAs) (12) research 
field for MOVPE in the coming years. 
Resu l ts  
In this section device applications of 
the various capabilities of LP-MOVPE 
like growth of bulk layers, continu- 
Figure .5. Schematic view and longitudinal 
cross-section of the laser-modulator 
photonic integrated device. 
ous grading, bulk layers on structured 
surface, MQW structures and the 
selective growth technique will be 
demonstrated. 
cap layer. The p-n junction is made 
by localized Zn or Cd diffusion into 
the top InP layer through a SiO2 
mask in closed ampoules (6). 
Based on our standard technology a 
flip-chip mounted PIN photodiode 
array for 2.5 Gbit/s was developed 
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(14). Reverse dark current at -IOV is 
typically below 100 pA with excel- 
lent saturation characteristics. The 
quantum efficiency is above 80% 
and the responsivity at 1300 nm is 
0.9 A/W. The optical crosstalk is 
lower than -42 dBc between next 
neighbours.  After 2200 hours at 
150°C and -10 V no significant 
change of the dark current was 
observed. More than 95% of the 
diodes showed homogeneous low 
dark current which allows a selection 
of 5 and 10 elements arrays with 
good yield. 
Continuous grading of 
material composition 
APDs (Avalanche Photodiodes) are 
used for high sensitivity detection 
due to their built-in amplification. For 
high speed receivers one has to 
produce short response times of the 
diodes, very short transit times of the 
photogenerated carriers and a high 
gain bandwidth product. These para- 
meters are mainly limited by the 
shape of the hetcrojunction between 
absorption and multiplication zone 
and the doping profile throughout 
the device. To avoid photocarrier 
accumulation at the heterointerfaces 
a continuously graded InGaAsP layer 
between InGaAs and InP is necessary. 
This structure was realized in our 
backside illuminated SAGM-APD de- 
vice (15). The device structure is 
shown in Fig. 3. The p-n junction is 
made by localized Zn diffusion for 
multiplication and Cd diffusion for 
guard-ring into the top InP layer 
through structured SlOe masks in 
closed ampoules. 
Figure 6.View of 
an all-optical. 
monolithic three- 
port MZI wavelength 
converter. 
The devices showed a dark current 
of < 6 nA, a 3 dB bandwidth of 7 GHz 
and a gain bandwidth product of up 
to 74 GHz. At 10 Gb/s a sensitivity 
improvement of 5 dB was achieved 
compared to PIN devices. The ex- 
cellent stability of the devices was 
demonstrated by long term ageing 
measurements. There is no signifi- 
cant change of the current voltage 
characteristics after 30 000 hours at 
150°C temperature and 100 pA re- 
verse current. 
Bulk layers on structured 
surface 
Monolithically integrated OEICs are 
promising candidates for high bit 
rate, high sensitivity receivers. A 
PIN-InGaAs/InAIAs HEMT receiver 
was realized by the integration of a 
PIN detector with a layer thickness of 
4 I~m and a HEMT structure with a 
typical ayer thickness of 0.1 I~m. The 
required planar surface for reprodu- 
cible 1 i~m lithography for the HEMT 
gate was provided by a two step 
epitaxy process (16), Figure 4. After 
the etching of recesses into the 
HEMT layer and the substrate the 
PIN layers are grown over the whole 
wafer. The detector layers are selec- 
tively etched outside the recess area 
providing a planar surface for the 
further processing steps. The tran- 
simpedance cascode OEIC circuit has 
a gain of 12.9 dB (A/W) and an input 
noise level of 11.5 pA/Hz. The recei- 
ver sensitivity of the module was 
measured to be -19.2 dBm at 10 Gb/s 
with a dynamic range of 11 dB. 
Other solutions for the monolithic 
receivers are the PIN-HBT (17) and 
MSM-HEMT integration (18). Using 
the MOVPE technique, a complex 
monolithic heterodyne transceiver 
was developed (19). 
Laterally localized growth 
on the surface 
A typical application is the selective 
regrowth of SiO2-covered mesa struc- 
tures. This technique is demon-  
s t ra ted  in Fig. 5 based on an 
integrated laser-modulator device 
filter width :AX  = 20 nm Reds hifl luning 
e lect rode  
Figure 7. Schematic view of the monolithic tunable asymmetric Y laser. 
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For tunable laser applications, an 
MQW stack of 5 compressively 
strained InGaAsP wells and lattice 
matched quaternary barriers was 
used (23) in Y laser structures with 
four separate segments for tunable 
layer application (Fig. 7). A low 
threshold current of 4x18 mA and 
optical output power > 10 mW was 
obtained for the 1250 ~tm long 
device. A 20 nm tuning range could 
be measured by varying only the 
current of one segment. 
(20). In this case the two types of 
selective growth - localized growth 
and the band gap engineering - are 
combined. The longitudinal integra- 
tion of laser and modulator is pro- 
vided by the SAG technique (see 
under band gap engineering). A first 
order grating was formed at the laser 
part which was overgrown in a 
second epitaxy step. The chemically 
etched, SiO2-covered mesa was selec- 
tively regrown in a third LP-MOVPE 
process with semi-insulating InP. 
The integrated evice shows a laser 
threshold current of 10 mA and side 
mode suppression ratio in excess of 
40 dB. 3 mW output power from the 
modulator facet could be coupled 
into single mode fibre at 100 mA. 
Extinction ratios of 25 dB are ob- 
tained at low reverse voltage of only 
3 V. At 10 Gb/s no dispersion penalty 
was observed at BER 10-9 measured 
back-to-back and after 25.2 km trans- 
mission. 
iiiiiiii!iiiiii~iii~ 
The growth of thin IIIQW 
layers on planar surface 
lnGaAs and InGaAsP are the most 
frequently used materials in MQWs 
for optoelectronic device applica- 
tions. Beside the lattice-matched ma- 
terials there is an increased interest 
in the use of strained layers to further 
improve the device behaviour (re- 
duced threshold current, polarisation 
insensitivity). In order to increase the 
number of quantum wells the strain 
compensated structures are under 
investigation (21). 
Tensile strained InGaAs/ 
InGaAsP MQW structures 
In order to reduce the polarization 
sensitivity a tensile strained (-0.34%) 
InGaAs/InGaAsP MQW layer struc- 
ture was produced for a 2.5 Gb/s 
interferometric wavelength conver- 
ter (22). This compact device (L 3 
mm) is based on the integrated three- 
port MZI structure as schematically 
shown in Fig. 6. 
Within a 20 nm wavelength con- 
version window a TE/TM value 1 dB 
was achieved. Penalty free 2.5 Gb/s 
all-optical wavelength conversion in- 
cluding extinction ratio improve- 
Tensile strained InGaAsP/ 
InGaAsP MQW structures 
A layer stack consisting of 8 periods 
of-0.38% tensile strained undoped 
InGaAsP wells with unstrained In- 
GaAsP barriers and 2.5 ~tm thick 
p-lnP and a p +-InGaAs contact layer 
was grown for polarization insensi- 
tive electroabsorption modulator ap- 
plication at ultra-high bitrates (24). 
At the targeted wavelength of 
1550 nm the polarization sensitivity 
was less than 0.4 dB for extinction 
ratios up to 10 dB. The polarization 
sensitivity stays below 1 dB in the 
total wavelength range of 1540 to 
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Figure 9. Scheme of 2x2 space switch matrix with active amplifier/gate sections and passive 
waveguide sections. 
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ratio at 1550 nm with 2.5V was 
16 dB. The 3 dB bandwith of the 
120 btm long device is 42 GHz. 
SAG for  band-gap  
eng ineer ing  
For the monol i thic integration of  
photonic  devices with different band 
gaps a number  of  techniques were 
investigated. In the butt-joint solu- 
tion after first epitaxy and etching, 
the second layer structure is grown 
selectively into the recess etched 
into the first cpitaxy and substrate. 
The critical points are to provide an 
exact  wave length  d i f ference be- 
tween the e lements ,  to adjust the 
active layers to the same height and 
to achieve low optical losses in the 
butt-joint region. The advantage of 
the method  is the possibi l ity of  
optimizing separately the different 
layer stacks (25). 
The shadow masking and the SAG 
(Selective Area Growth)  techniques 
allow the realisation of MQW stacks 
with different band gap energies and 
exce l lent  low loss coupl ing in one 
epitaxial proccss. Thc first uses the 
effect of the reduced growth rate and 
composit ion change between two 
laterally under-etched semiconduc- 
tor masks (26). In contrast to this 
the SAG approach is based on the 
increascd growth rate and composi- 
tion change between two SiO, masks. 
s t ra ined  
InGaAsP/InGaAsP MQW 
structures for SAG 
Eight compressively strained qua- 
ternary wells embedded between 
unstrained InGaAsP barriers were 
grown for mode locked laser applica- 
tion used as optical p icosecond pulse 
source for high bitratcs (27). The 
laser consists of four segments (DFB-, 
passive waveguide-, gain- and mod- 
ulator segment). Using an appropri- 
ate SiO 2 patterning three different 
band gap regions (Eg l=1430nm,  
Eg2 1510nm, Eg3-: 1550 nm) with 
smooth  inter faces were  real ized 
(Fig. 8). 
The total DC threshold current of 
the more than 4 mm long device is 
only 30 mA. The coupled output 
power  is >0 dBm. During high 
frequency characterization a pulse 
width of < 13 ps and high extinction 
ratio was measured. 
Tensile strained InGaAs/ 
InGaAsP MQW structures 
for SAG 
A layer structure consisting of  5 
tensi le  strained InGaAsP wells sepa- 
rated by 7 nm lattice matched In- 
GaAsP barriers (=  1200 nm) were 
grown (28) for a 2x2 space switch 
device (Fig. 9). In the passive sect ion  
a strain value of -0.57% was adjusted. 
The strain in the active section was 
extracted from PL and TEM data to 
be -0.34%. A PL shift of  117 nm 
(1438 nm in passive and 1555 nm in 
active section) could be realized. 
The device showed an on/of f  ratio 
> 40 dB, signal to noise ratio > 35 dB. 
The polarization sensitivity was re- 
duced down to 1 dB within a 20 nm 
operating range, with a best value of 
0.2 dB at 1550 nm, simultaneously 
for all four different paths (Fig. 9). 
Summary  
LP-MOVPE is one of the most im- 
portant epitaxial processes for InP- 
based materials. It can fulfill all the 
requirements of modern optoelec- 
tronic device development. The sta- 
tus of this technology has changed 
over the last 20 years from pure 
research application to a standard 
product ion process. The main objec- 
tives now are the further industriali- 
zation and development of device- 
oriented growth processes based on 
a standard LP-MOVPE basic technol- 
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